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Abstract 
Cancer associated adipocyte promotes tumor 
progression via Fam3c
Tae Young Ryu 
Department of Biological Science 
The Graduate School, UNIST 
(Directed by Professor Jiyoung Park) 
Adipocyte near tumor region, called cancer associated adipocyte (CAA), support tumor 
progression. CAA promotes ovarian cancer metastasis and provide energy for rapid tumor growth 
and exhibits an activated phenotype and contribute to breast cancer invasion. Recently the causes 
of this phenomena are explained by several hypotheses that CAA promote tumor progression via 
increased inflammation, epithelial-mesenchymal transition, and angiogenesis. In this report, I 
found that Fam3c is overexpressed in CAA in in-vitro and in vivo system. I demonstrate that 
secreted Fam3c from CAA induce EMT gene expression and protein expression level in SW480 
cell line. I also show that these results affect cancer cell migration and invasion in in vitro system. 
This study, therefore, has furthered our understanding of the association between cancer and CAA 
in the perspective of molecular biology. 
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Ⅰ. Introduction 
Colorectal cancer is the third leading cause of cancer-related deaths in the world[1, 2]. 
The mortality of colon and rectum cancer patients is related to obesity[3, 4]. Obese patients who 
have colon cancer shows 1.84 fold increased mortality than healthy patients[3-5]. It well 
established that increased adipocyte due to obesity is highly related to tumor progression[6, 7]. 
Adipocyte near tumor region, called cancer associated adipocyte (CAA), support tumor 
progression[8-10]. CAA promotes ovarian cancer metastasis and provide energy for rapid tumor 
growth and exhibits an activated phenotype and contribute to breast cancer invasion[9, 11]. 
Recently the causes of this phenomena are explained by several hypotheses that CAA promote 
tumor progression via increased inflammation, epithelial-mesenchymal transition, and 
angiogenesis. However, the specific mechanism of this phenomena is not well elucidated. 
Family with sequence 3c (Fam3c) is located on chromosome 7. Fam3c contains 18 
distinct introns and produces 13 different mRNAs, 11 alternatively spliced variants and two 
unspliced forms. There are five probable alternative promotors, four non overlapping alternative 
last exons and 6 validated alternative polyadenylation sites. Fam3c is indicated in autosomal 
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recessive nonsyndromic hearing loss locus 17 (DFNB17) and retinal laminar formation[12, 13]. 
Fam3c which is also known as interleukin-like epithelial-mesenchymal transition inducer (ILEI) 
induces epithelial-mesenchymal transition (EMT) in cancer cells and attributes to tumor 
metastasis[14-17]. EMT is a process that epithelial type cells lose their features, like cell polarity 
and cell-cell adhesion, and gain mesenchymal cell features, like invasiveness and cell motility[18]. 
EMT is crucial for developmental processes and correlated with wound healing and tumor 
metastasis[19]. Fam3c is also induced by Transforming growth factor beta (TGFβ) and highly 
related with poor prognosis of cancer patients[20]. Figure 1 shows the schematic mechanism of 
how CAA promotes tumor progression. Cancer-induced the change of adipocytes to CAA and 
CAA secretes Fam3c. Finally, Fam3c promotes tumor progression via EMT (Figure 1). 
In this report, I found that Fam3c is overexpressed in CAA in in vitro system. I 
demonstrate that secreted Fam3c from CAA induce EMT gene expression and protein 
expression level in SW480 cell line. I also show that these results affect cancer cell migration 
and invasion in in vitro system directly. This study, therefore, has furthered our understanding 
of the association between cancer and CAA in the perspective of molecular biology. 
 
 
 
 
 
 
 
 
 
Cancer 
cell
Adipocyte CAA 
Tumor 
progression 
Figure 1. Schematic mechanism of promoting tumor progression via CAA. (A) Normal 
adipocytes near tumor region are stimulated by cancer to change CAA. CAA promotes tumor 
progression through providing nutrient in lipid metabolite form and facilitating tumor 
metastasis than normal adipocytes. 
(A) 
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Ⅱ. Materials and Methods 
Materials 
Dulbecco’s modified Eagle’s medium (DMEM, 4.5 g/l glucose), streptomycin/penicillin, fetal 
bovine serum(FBS), Bovine Calf Serum(BCS) were obtained from Lonza. Bovine serum 
albumin, bovine insulin, 3-isobutyl-1-methylxanthine (IBMX), and dexamethasone were 
purchased from Sigma[21]. 
Cell Culture 
3T3-L1 cells, mouse preadipocytes cell line, were generously gifted from Dr. Kim’s laboratory. 
3T3-L1 cells were grown in DMEM supplemented with 10% BCS, 100 U/ml penicillin and 100 
mg/ml streptomycin in 5% CO2/humidified atmosphere at 37°C. SW480 and SW620, colon 
adenocarcinoma cell line, were generously gifted from Dr. Suh’s laboratory. SW480 and 
SW620 cells were grown in the same condition of 3T3-L1 cell line except for 10% FBS. 
Differentiation to adipocytes was induced two days post-confluence by incubating the cells in 
DMEM supplemented with 10% FBS, 500 µM IBMX, 0.25 µM dexamethasone and 10 µg/ml 
insulin (IDX cocktail) for 72 h, and then maintained in the same medium without IBMX and 
dexamethasone. 
Real-time PCR and RNA interference 
RNA from tumors and cells was isolated using Trizol (Sigma) and reverse-transcribed using 
reverse transcriptase (Thermofisher). Real-time PCR was performed using Power SYBR Green 
Master Mix (Thermofisher).  
Small interference RNA (siRNA) for Fam3c was purchased from Genolution. cDNA for Fam3c 
short hairpin RNA (shRNA) were ligated into the lentiviral vector pLKO.1. Virus particles were 
packaged and 3T3L1, preadipocytes and differentiated adipocytes, were infected[22]. Infected 
cells were selected with puromycin. Lentivirus with GFP-shRNA was used as a control. 
Knockdown of Fam3c was verified by RT-qPCR and western blot. Following primers were 
used: 
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Fam3c, 5’- GGACTCAGCCATTCGTTCTAC-3’ 
  and 5’- GCTGCTCCACTAGCCATCTTAAA-3’; 
CCND1, 5’- GCTGCGAAGTGGAAACCATC -3’ 
  and 5’- CCTCCTTCTGCACACATTTGAA -3’; 
CCNE1, 5’- GCCAGCCTTGGGACAATAATG -3’, 
  and 5’- CTTGCACGTTGAGTTTGGGT -3’; 
BIRC5, 5’- AGGACCACCGCATCTCTACAT -3’, 
  and 5’- AAGTCTGGCTCGTTCTCAGTG -3’; 
BCL2L11, 5’- TAAGTTCTGAGTGTGACCGAGA -3’, 
  and 5’- GCTCTGTCTGTAGGGAGGTAGG -3’; 
BAX, 5’- CCCGAGAGGTCTTTTTCCGAG -3’, 
  and 5’- CCAGCCCATGATGGTTCTGAT -3’; 
BAD, 5’- CCCAGAGTTTGAGCCGAGTG -3’, 
  and 5’- CCCATCCCTTCGTCGTCCT -3’; 
IL6, 5’- CCTGAACCTTCCAAAGATGGC -3’, 
  and 5’- TTCACCAGGCAAGTCTCCTCA -3’; 
TNFα, 5’- GAGGCCAAGCCCTGGTATG -3’, 
  and 5’- CGGGCCGATTGATCTCAGC -3’; 
CDH1, 5’- ATTTTTCCCTCGACACCCGAT -3’, 
  and 5’- TCCCAGGCGTAGACCAAGA -3’; 
CDH2, 5’- TCAGGCGTCTGTAGAGGCTT -3’, 
  and 5’- ATGCACATCCTTCGATAAGACTG-3’; 
Vimentin, 5’- GACGCCATCAACACCGAGTT -3’, 
  and 5’- CTTTGTCGTTGGTTAGCTGGT -3’; 
αSMA, 5’- AAAAGACAGCTACGTGGGTGA -3’, 
  and 5’- GCCATGTTCTATCGGGTACTTC -3’; 
Snail, 5’- ACCACTATGCCGCGCTCTT -3’, 
  and 5’- GGTCGTAGGGCTGCTGGAA -3’; 
Slug, 5’- TGTTGCAGTGAGGGCAAGAA -3’, 
and 5’- GACCCTGGTTGCTTCAAGGA -3’; 
Immunoblotting 
For western blot analysis, 3T3L1 and SW480 cells were lysed with RIPA buffer (10mM Tris, 
pH 8; 150mM NaCl, 0.1% sodium deoxycholate; 1% Triton X-100, 1mM EDTA; 1mM 
12 
phenylmethylsulphonyl fluoride, 1 mM dithiothreitol and protease inhibitors). Cell lysates were 
then separated by SDS–PAGE. I treated primary antibody for O/N and washed with TBS-T. 
After that, I treated appropriate secondary antibody for 1hr and analyzed results. Fam3c 
antibody was purchased from Abcam (ab72182). 
Wound healing assay 
For the wound healing assay, SW480 cells were seeded directly into 6-well plates. Once 
confluent, a pipette tip was used to scratch the SW480 cell per well. To start the assay, the wells 
were rinsed, and CAA conditioned medium applied. The area of the open wound was analyzed 
after 24hr and 48hr. Analysis of wound area was performed with lmageJ software[23]. 
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Ⅲ. Results 
1. CAA shows different mRNA expressions including Fam3c than
adipocyte 
CAA is highly related to tumor progression[8-10]. Therefore, I examined different gene 
expressions of CAA using microarray. I compared normal adipocyte of control mice and CAA of 
pymt-mmtv mouse model. Pymt-mmtv mouse model is mouse model for breast cancer, in which 
mouse mammary gland specific polyomavirus middle T-antigen (MMTV)[24]. From the results, 
112 genes are up-regulated in CAA of pymt-mmtv mouse model, which is more than normal 
adipocyte. I also confirmed this effect in in vitro system (Figure 2A). I treated CM of SW480 
(colon adenocarcinoma cell line), which is harvested for 24hr with serum free media (SFM), to 
differentiated adipocytes or preadipocytes and found that 13 genes are also up-regulated in CAA. 
Adipocytes with CM shows Among these genes, I focused on Fam3c which is well-known 
cytokine for tumor progression[14-17]. Adipocytes with SW480 CM demonstrated a 10-fold 
increase of Fam3c expression in mRNA level and preadipocytes with CM also showed an 8-fold 
increase of Fam3c expression (Figure 2B). Preadipocytes showed the higher basal level of Fam3c 
than normal adipocytes, but the portion of adipocytes in adipose tissue is major. Therefore I 
focused on the effect of Fam3c from both cancer associated adipocytes and cancer associated 
preadipocytes. 
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Figure 2. CAA shows different mRNA expressions including Fam3c than adipocyte. (A) 
Graphical explanation of experimental method. We differentiated adipocytes, and treated 
SFM as control media or cancer CM from cancer cell with SFM with 24hr. (B) Fam3c mRNA 
level from adipocytes and preadipocytes with SFM or Cancer CM using qPCR analysis. 
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2. CAA induces epithelial-mesenchymal transition of SW480 cell
I confirmed that CAA shows an increase of Fam3c mRNA expression. Therefore I tried to figure 
out how Fam3c affects tumor progression. I treated conditioned media from CAA or Fam3c KO 
CAA to SW480 for 24hr which highly induced Fam3c expression in CAA. (Figure 3A). I 
confirmed cell proliferation, apoptosis, inflammation, and EMT using real-time qPCR. Increased 
Fam3c from CAA didn’t affect cell proliferation marker gene level, CCN1, CCNE1, and BIRC5 
(Figure 3B). CCN1, cyclin A2, belongs to the cyclin family, whose members regulate cell cycle 
progression by interacting with a cyclin-dependent kinase (CDK). CCNE1 is G1/S-specific 
cyclin-E1 as regulators of CDK[25]. BIRC5, surviving, is one of the inhibitors of apoptosis 
family[26].  
Apoptosis marker gene level, BCL2L11, BAX, and BAD, was not affected by Fam3c (Figure 3C). 
BCL211, Bcl-2-like protein 11, is commonly called BIM and acts as an apoptotic activator[27]. 
BAX, bcl-2-like protein 4, is related to the release of cytochrome c from the mitochondria and 
activation of caspases. BAD, Bcl-2-associated death promoter, is a pro-apoptotic member[28]. 
Inflammation marker gene level, IL6, and TNFα was also not affected by Fam3c from CAA. 
Interleukin 6 (IL-6) is an interleukin that acts as a pro-inflammatory cytokine[29]. TNFα, Tumor 
necrosis factor, is cytokine associated with systemic inflammation[30]. 
As I mentioned, Fam3c is well known for inducing EMT. qPCR data showed an increase of EMT 
in SW480 cell treated with CAA media. N-Cadherin, EMT marker gene, was highly induced. 
(Figure3E). N-cadherin was hard to identify because of cell type but vimentin, also EMT marker 
gene, was upregulated in this experiment. 
To confirm the effect of Fam3c in CAA, I set up Fam3c knockdown model using RNA 
interference, siRNA, and shRNA. I transfected siRNA or infected shRNA lentivirus particle into 
differentiated adipocytes from 3T3L1. Then I treated SW480 CM to adipocyte to make CAA. 
After this procedure, I collected CAA conditioned media and treated to SW480 cell (Figure 3A). 
As expected, conditioned media Fam3c knock down CAA showed reduced EMT marker gene 
expression (Figure 3E). These results mean that Fam3c in CAA is significant for increased EMT 
of cancer cell near CAA. 
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Figure 3. Ablation of Fam3c in CAA attenuates EMT (A) Graphical explanation of 
experimental method. We collected CAA CM from former experiment, then treated CAA CM 
to SW480 for 24hr. (B,C,D,E) We treated CM of CAA and Fam3c KO CAA using shRNA 
interference system. We harvested mRNA from SW480 with CAA CM. After that, we 
confirmed cell proliferation, apoptosis, inflammation, and EMT level using qPCR analysis. 
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3. Fam3c secreted from CAA contributes to cancer cell migration
Increased EMT is well known to induce cell migration in vitro and promote tumor metastasis in 
vivo. Therefore I performed wound healing assay to confirm the effect of Fam3c in SW480 cell 
migration. SW480 with CM of Fam3c KO CAA shows attenuated wound healing than that of 
normal CAA on 24hr and 48hr after wounding (Figure 4A). From the statistical analysis using 
ImageJ, Fam3c KO CAA group shows 50% attenuation of wound healing than control CAA group. 
Wound area was 2-fold larger than SW480 in Fam3c KO CAA CM treated SW480 (Figure 4B). 
This result showed that Fam3c from CAA promoted SW480 migration directly.  
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Figure 4. Fam3c secreted from CAA contributes to cancer cell migration. (A) Picture of 
SW480 wound healing assay from 0hr, 24hr, and 48hr. (B) Statistical analysis of wound 
healing assay using imageJ. 
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4. TGFβ doesn’t induce mFam3c in CAA model 
Arindam et al. showed that TGFβ induces Fam3c expression via phosphorylation of hnRNP 
E1[20]. Therefore I assume that TGFβ from cancer cells correlated with mFam3c expression of 
CAA. I treated 5ng/ml and 10ng/ml of TGFβ to preadipocytes and adipocytes, but there is no 
increase of mFam3c mRNA expression level (Figure 5A). Fam3c, 37kDa, immunoblotting results 
with TGFβ treatment also shows that mFam3c expression in CAA is not correlated with TGFβ 
(Figure 5B). As a result, I confirmed that mFam3 expression of CAA is not associated with TGFβ 
from cancer cells. 
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Figure 5. TGFβ doesn’t induce mFam3c expression in CAA (A) Fam3c mRNA level of 
preadipocytes with 5ng/ml and 10 ng/ml TGFb treatment. (B) Immunoblotting results of 
Fam3c in adipocytes and preadipocytes with 5ng/ml and 10 ng/ml TGFβ treatment. 
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Ⅳ. Discussion 
Extensive epidemiological studies show the association between certain types of cancers and 
obesity[6, 7]. Cancers of endometrium, kidney, gallbladder, and uterus show a strong relationship 
with obesity. Other types of cancer, such as liver and oesophageal, also show an association with 
obesity. Adipocytes as tumor microenvironment, CAA, attribute to breast and ovarian tumor 
metastasis[8, 11]. CAA is thought one of the important factors of these phenomena owing to 
increased tumor growth, inflammation, and EMT. However, the specific mechanism of CAA and 
tumor progression is not well elucidated. Here I show that Fam3c secreted from CAA promotes 
tumor progression. 
In this study, CAA show different gene expression pattern. I focus on upregulated genes in CAA. 
Fam3c is highly upregulated in 3T3L1 cell line with CM of MCF-7, MDA-MB-231, Met-1, and 
SW480 cell line. Lipocalin-2 (Lcn2), which is well known for promoting several cancers, is also 
increased in CAA dramatically[31, 32]. These results mean that CAA is highly conjugated with 
tumor progression. Then I confirmed that Fam3c from CAA contributes to EMT of a cancer cell, 
and this in vitro experimental model can be applied to the effect of CAA to cancer as well as cell 
types. Increased EMT marker gene expression and the effect of abortion of Fam3c in CAA affect 
cancer cell migration. It means that Fam3c from CAA promotes tumor metastasis in in vivo model. 
Finally, I tried to discover the cause of upregulated Fam3c in CAA. I confirmed that Fam3c is 
increased in adipocyte treated with CAA CM. It means that some exocrine molecules stimulate 
Fam3c expression, so I focus on TGFβ from preceding research[20]. However, TGFβ doesn’t 
contribute to Fam3c overexpression in CAA. 
CAA is not only nutrient storage but also an endocrine organ for tumor progression. In this study, 
I figure out that Fam3c from not normal adipocytes but CAA contributes to EMT in the cancer 
cell and cancer cell motility (Figure 6). I only focus on the Fam3c from CAA, but several other 
increased or decreased factor in CAA could attribute tumor progression. From these results, 
targeting Fam3c as the anti-metastasis drug could be one of the keys for curing obese-cancer 
patients. 
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Figure 6. Graphical abstract that CAA attributes to tumor metastasis via Fam3c. 
Adipocytes near tumor region are stimulated by cancer derived molecules to change CAA. 
CAA shows different gene expression level than normal adipocytes. Fam3c is highly induced 
in CAA than normal adipocytes and attributes to tumor metastasis via upregulated cancer cell 
migration.  
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